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(57) ABSTRACT 

Methods and systems for encouraging interactions With a 
glucose monitoring system include incrementing a score and/ 
or providing a reWard based on a variety of different interac 
tions With the glucose monitoring system. The interactions 
Which improve the score may include initiating or changing 
displays, downloading data, setting operational parameters 
and other interactions that are independent of a user’s glucose 
measurements. Encouraging these interactions can enhance 

(21) Appl, No.1 12/748,069 success in maintaining healthy glucose concentrations. 
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METHODS AND SYSTEMS FOR PROMOTING 
GLUCOSE MANAGEMENT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to Provisional 
Application 61/164,326, ?led on Mar. 27, 2009. The disclo 
sure of this application is hereby incorporated by reference in 
its entirety. 

BACKGROUND 

[0002] Diabetes mellitus is a disorder in which the pancreas 
cannot create su?icient insulin (Type I or insulin dependent) 
and/ or in which insulin is not effective (Type 2 or non-insulin 
dependent). In the diabetic state, the victim suffers from high 
blood sugar, which may cause an array of physiological 
derangements (for example, kidney failure, skin ulcers, or 
bleeding into the vitreous of the eye) associated with the 
deterioration of small blood vessels. A hypoglycemic reac 
tion (low blood sugar) may be induced by an inadvertent 
overdose of insulin, or after a normal dose of insulin or 
glucose-lowering agent accompanied by extraordinary exer 
cise or insu?icient food intake. 
[0003] Conventionally, a person with diabetes carries a 
self-monitoring blood glucose (SMBG) monitor, which typi 
cally requires uncomfortable ?nger pricking methods. Due to 
the lack of comfort and convenience, a person with diabetes 
will normally only measure his or her glucose levels two to 
four times per day. Unfortunately, these time intervals are so 
far apart that the person with diabetes will likely ?nd out too 
late about hyper- or hypo-glycemic conditions. In fact, it is 
not only unlikely that a person with diabetes will take a timely 
SMBG value, it is likely that the person with diabetes will not 
know if theirblood glucose value is going up (higher) or down 
(lower) based on conventional methods. Thus, their ability to 
make educated insulin therapy decisions is inhibited. 
[0004] Some attempts have been made to continuously 
measure the glucose concentration in a person with diabetes. 
More frequent measurements can allow the person with dia 
betes to know of essentially current blood sugar conditions 
and to make appropriate decisions in response to the current 
conditions. However, these continuous glucose sensors typi 
cally use methods of displaying measurement data which is 
uninteresting to the person with diabetes. This is especially 
the case when the person with diabetes is young. Pediatric 
persons with diabetes often do not understand, forget about, 
or intentionally ignore the data displayed from their continu 
ously measured glucose monitor. Accordingly, people with 
diabetes experience blood sugar excursions which may have 
been avoided had they been more diligently interacting with 
their sensor system. 
[0005] Accordingly, there exists a need for improvements 
in displaying data from continuous glucose sensors in order to 
better entice the person with diabetes, such as pediatric 
patients, to use and interact with their monitor system. 

SUMMARY 

[0006] In one embodiment, the invention comprises a 
method of encouraging interactions with a receiver con?g 
ured to receive sensor data from a glucose sensor. The method 
comprises sensing an interaction from a user with a receiver, 
wherein the receiver is con?gured to receive sensor data from 
the glucose sensor and to selectively display information 
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associated with the sensor data and/or the sensor data in 
response to interactions from the user. In response to a plu 
rality of different sensed interactions, a reward counter is 
incremented, and in response to determining that the reward 
counter has reached a predetermined reward threshold, a 
reward indication on the receiver is displayed, and/ or a reward 
indication is transmitted. 
[0007] In another embodiment, a method of encouraging 
interactions with a continuous glucose monitoring system 
comprises sensing a user interaction with a portion of the 
continuous glucose monitoring system and incrementing a 
reward counter in response to the sensed interaction indepen 
dent of the creation or value of any sensor data. 
[0008] In another embodiment, a portable sensor system is 
provided. The sensor system comprises a glucose sensor con 
?gured to provide real-time continuous glucose sensor data, a 
device comprising a user interface con?gured to receive user 
input and display the real time glucose sensor data responsive 
to user-interaction with the portable device, and a processor 
module con?gured to tabulate a score based at least in part on 
user interactions with the user interface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a block diagram that illustrates a con?gu 
ration of a medical device in one embodiment, including a 
continuous analyte sensor, a receiver, and an external device. 
[0010] FIG. 2 is a ?owchart that illustrates a process of 
displaying sensor data as a game. 
[0011] FIGS. 3A-3H are drawings illustrating various 
embodiments of displayed sensor data. 
[0012] FIGS. 4A-4G are drawings illustrating an embodi 
ment of displayed sensor data. 
[0013] FIG. 5 is a drawing illustrating an animation graphi 
cally comparing two sets of sensor data. 
[0014] FIG. 6 is a ?owchart that illustrates a process of 
displaying sensor data as a game where rewards are given. 
[0015] FIG. 7A is a ?owchart that illustrates a process of 
generating rewards based on user interaction. 
[0016] FIG. 7B is a ?owchart that illustrates another pro 
cess of generating rewards based on user interaction. 
[0017] FIG. 8A is a ?owchart that illustrates a process of 
displaying tutorial data for a user. 
[0018] FIG. 8B illustrates exemplary frames of a tutorial. 
[0019] FIGS. 9A and 9B are drawings illustrating embodi 
ments of displayed tutorial data. 
[0020] FIG. 10 is a drawing illustrating an embodiment of 
displaying data with a graphical character. 

DETAILED DESCRIPTION OF CERTAIN 
EMBODIMENTS 

[0021] The following description and examples illustrate 
some exemplary embodiments of the disclosed invention in 
detail. Those of skill in the art will recogniZe that there are 
numerous variations and modi?cations of this invention that 
are encompassed by its scope. Accordingly, the description of 
a certain exemplary embodiment should not be deemed to 
limit the scope of the present invention. 

DEFINITIONS 

[0022] In order to facilitate an understanding of the dis 
closed invention, a number of terms are de?ned below. 
[0023] The term “analyte,” as used herein, is a broad term 
and is used in its ordinary sense, including, without limita 
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tion, to refer to a substance or chemical constituent in a 

biological ?uid (for example, blood, interstitial ?uid, cerebral 
spinal ?uid, lymph ?uid or urine) that can be analyZed. Ana 
lytes can include naturally occurring substances, arti?cial 
substances, metabolites, and/ or reaction products. HoWever, 
other analytes are contemplated as Well, including but not 
limited to acarboxyprothrombin; acylcamitine; adenine 
phosphoribosyl transferase; adenosine deaminase; albumin; 
alpha-fetoprotein; amino acid pro?les (arginine (Krebs 
cycle), histidine/urocanic acid, homocysteine, phenylala 
nine/tyrosine, tryptophan); andrenostenedione; antipyrine; 
arabinitol enantiomers; arginase; benZoylecgonine (cocaine); 
biotinidase; biopterin; c-reactive protein; camitine; carnosi 
nase; CD4; ceruloplasmin; chenodeoxycholic acid; chloro 
quine; cholesterol; cholinesterase; conjugated 1-13 hydroxy 
cholic acid; cortisol; creatine kinase; creatine kinase MM 
isoenZyme; cyclosporin A; d-penicillamine; de-ethylchloro 
quine; dehydroepiandrosterone sulfate; DNA (acetylator 
polymorphism, alcohol dehydrogenase, alpha l-antitrypsin, 
cystic ?brosis, Duchenne/Becker muscular dystrophy, ana 
lyte-6-phosphate dehydrogenase, hemoglobin A, hemoglo 
bin S, hemoglobin C, hemoglobin D, hemoglobin E, hemo 
globin F, D-Punjab, beta-thalassemia, hepatitis B virus, 
HCMV, HIV-1, HTLV-l, Leber hereditary optic neuropathy, 
MCAD, RNA, PKU, Plasmodium vivax, sexual differentia 
tion, 21-deoxycortisol); desbutylhalofantrine; dihydropteri 
dine reductase; diptheria/tetanus antitoxin; erythrocyte argi 
nase; erythrocyte protoporphyrin; esterase D; fatty acids/ 
acylglycines; free B-human chorionic gonadotropin; free 
erythrocyte porphyrin; free thyroxine (FT4); free tri-iodothy 
ronine (FT3); fumarylacetoacetase; galactose/gal-1-phos 
phate; galactose-l-phosphate uridyltransferase; gentamicin; 
analyte-6-phosphate dehydrogenase; glutathione; glu 
tathione perioxidase; glycocholic acid; glycosylated hemo 
globin; halofantrine; hemoglobin variants; hexosaminidase 
A; human erythrocyte carbonic anhydrase I; 17-alpha-hy 
droxyprogesterone; hypoxanthine phosphoribosyl trans 
ferase; immunoreactive trypsin; lactate; lead; lipoproteins 
((a), B/A-1, [3); lysoZyme; me?oquine; netilmicin; phenobar 
bitone; phenytoin; phytanic/pristanic acid; progesterone; pro 
lactin; prolidase; purine nucleoside phosphorylase; quinine; 
reverse tri-iodothyronine (rT3); selenium; serum pancreatic 
lipase; sissomicin; somatomedin C; speci?c antibodies (ad 
enovirus, anti-nuclear antibody, anti-Zeta antibody, arbovi 
rus, AujesZky’s disease virus, dengue virus, Dracunculus 
medinensis, Echinococcus granulosus, Enlamoeba his 
lolylica, enlerovirus, Giardia duodenalisa, Helicobacler 
pylori, hepatitis B virus, herpes virus, HIV-1, IgE (atopic 
disease), in?uenZa virus, Leishmania donovani, leplospira, 
measles/mumps/rubella, Mycobaclerium leprae, Myco 
plasma pneumoniae, Myoglobin, Onchocerca volvulus, 
parain?uenZa virus, Plasmodium falciparum, poliovirus, 
Pseudomonas aeruginosa, respiratory syncytial virus, rick 
ellsia (scrub typhus), Schislosoma mansoni, Toxoplasma 
gondii, Trepenoma pallidium, Trypanosoma cruZi/rangeli, 
vesicular slomalis virus, Wuchereria bancro?i, yelloW fever 
virus); speci?c antigens (hepatitis B virus, HIV-1); succiny 
lacetone; sulfadoxine; theophylline; thyrotropin (TSH); thy 
roxine (T4); thyroxine-binding globulin; trace elements; 
transferrin; UDP-galactose-4-epimerase; urea; uroporphy 
rinogen I synthase; vitamin A; White blood cells; and Zinc 
protoporphyrin. Salts, sugar, protein, fat, vitamins and hor 
mones naturally occurring in blood or interstitial ?uids can 
also constitute analytes in certain embodiments. The analyte 
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can be naturally present in the biological ?uid, for example, a 
metabolic product, a hormone, an antigen, an antibody, and 
the like. Alternatively, the analyte can be introduced into the 
body, for example, a contrast agent for imaging, a radioiso 
tope, a chemical agent, a ?uorocarbon-based synthetic blood, 
or a drug or pharmaceutical composition, including but not 
limited to insulin; ethanol; cannabis (marijuana, tetrahydro 
cannabinol, hashish); inhalants (nitrous oxide, amyl nitrite, 
butyl nitrite, chlorohydrocarbons, hydrocarbons); cocaine 
(crack cocaine); stimulants (amphetamines, methamphet 
amines, Ritalin, Cylert, Preludin, Didrex, PreState, Voranil, 
Sandrex, Plegine); depressants (barbituates, methaqualone, 
tranquilizers such as Valium, Librium, MiltoWn, Serax, Equa 
nil, Tranxene); hallucinogens (phencyclidine, lysergic acid, 
mescaline, peyote, psilocybin); narcotics (heroin, codeine, 
morphine, opium, meperidine, Percocet, Percodan, Tus 
sionex, Fentanyl, Darvon, TalWin, Lomotil); designer drugs 
(analogs of fentanyl, meperidine, amphetamines, metham 
phetamines, and phencyclidine, for example, Ecstasy); ana 
bolic steroids; and nicotine. The metabolic products of drugs 
and pharmaceutical compositions are also contemplated ana 
lytes. Analytes such as neurochemicals and other chemicals 
generated Within the body can also be analyZed, such as, for 
example, ascorbic acid, uric acid, dopamine, noradrenaline, 
3-methoxytyramine (3MT), 3,4-Dihydroxyphenylacetic acid 
(DOPAC), Homovanillic acid (HVA), 5-Hydroxytryptamine 
(5HT), and 5-Hydroxyindoleacetic acid (FHIAA). 
[0024] The term “continuous analyte sensor,” as used 
herein, is a broad term and is used in its ordinary sense, 
including, but not limited to, a device that continuously or 
continually measures a concentration of an analyte, for 
example, at time intervals ranging from fractions of a second 
up to, for example, 1, 2, or 5 minutes, or longer. In one 
exemplary embodiment, the continuous analyte sensor is a 
glucose sensor such as described in US. Pat. No. 6,001,067, 
Which is incorporated herein by reference in its entirety. 
[0025] The term “continuous analyte sensing,” as used 
herein, is a broad term and is used in its ordinary sense, 
including, but not limited to, monitoring of an analyte con 
tinuously, for example, at time intervals ranging from frac 
tions of a second up to, for example, 1, 2, or 5 minutes, or 
longer. 
[0026] The term “host” as used herein is a broad term and is 
to be given its ordinary and customary meaning to a person of 
ordinary skill in the art (and is not to be limited to a special or 
customiZed meaning), and furthermore refers Without limita 
tion to mammal, such as a human implanted With a device. 

[0027] The term “sensor data”, as used herein is a broad 
term and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and are not to be limited 
to a special or customiZed meaning), and furthermore refers 
Without limitation to any data associated With a sensor, such 
as a continuous analyte sensor. Sensor data includes a raW 

data stream, or simply data stream, of analog or digital signal 
directly related to a measured analyte from an analyte sensor 
(or other signal received from another sensor), as Well as 
calibrated and/ or ?ltered raW data. In one example, the sensor 
data comprises digital data in “counts” converted by an A/D 
converter from an analog signal (e.g., voltage or amps) and 
includes one or more data points representative of a glucose 
concentration. Thus, the terms “sensor data point” and “data 
point” refer generally to a digital representation of sensor data 
at a particular time. The term broadly encompasses a plurality 
of time spaced data points from a sensor, such as a from a 
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substantially continuous glucose sensor, Which comprises 
individual measurements taken at time intervals ranging from 
fractions of a second up to, e.g., l, 2, or 5 minutes or longer. 
In another example, the sensor data includes an integrated 
digital value representative of one or more data points aver 
aged over a time period. Sensor data may include calibrated 
data, smoothed data, ?ltered data, transformed data, and/or 
any other data associated With a sensor. 

[0028] The term “transformed sensor data” as used herein 
is a broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and is not to 
be limited to a special or customiZed meaning), and further 
more refers Without limitation to any data that is derived, 
either fully or in part, from raW sensor data from one or more 
sensors. For example, raW sensor data over a time period (e. g., 
5 minutes) may be processed in order to generated trans 
formed sensor data including one or more trend indicators 

(e. g., a 5 minute trend). Other examples of transformed data 
include ?ltered sensor data (e. g., one or more ?ltered analyte 
concentration values), calibrated sensor data (e. g., one or 
more calibrated analyte concentration values), rate of change 
information, trend information, rate of acceleration informa 
tion, sensor diagnostic information, location information, 
alann/alert information, calibration information, and/or the 
like. 
[0029] The term “calibration” as used herein is a broad term 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and is not to be limited to a 
special or customiZed meaning), and furthermore refers With 
out limitation to a process of determining a relationship 
betWeen sensor data and corresponding reference data, Which 
can be used to convert sensor data into calibrated data (de 
?ned beloW). In some embodiments, such as continuous ana 
lyte sensors, for example, calibration can be updated or reca 
librated over time as changes in the relationship betWeen the 
sensor data and reference data occur, for example, due to 
changes in sensitivity, baseline, transport, metabolism, and 
the like. 
[0030] The terms “calibrated data” and “calibrated data 
stream” as used herein are broad terms and are to be given 
their ordinary and customary meaning to a person of ordinary 
skill in the art (and are not to be limited to a special or 
customiZed meaning), and furthermore refer Without limita 
tion to data that has been transformed from its raW state to 
another state using a function, for example a conversion func 
tion, to provide a meaningful value to a user. 

[0031] The terms “smoothed data” and “?ltered data” as 
used herein are broad terms and are to be given their ordinary 
and customary meaning to a person of ordinary skill in the art 
(and are not to be limited to a special or customiZed meaning), 
and furthermore refer Without limitation to data that has been 
modi?ed to make it smoother and more continuous and/ or to 
remove or diminish outlying points, for example, by perform 
ing a moving average of the raW data stream. Examples of 
data ?lters include FIR (?nite impulse response), IIR (in?nite 
impulse response), moving average ?lters, and the like. 
[0032] The terms “smoothing” and “?ltering” as used 
herein are broad terms and are to be given their ordinary and 
customary meaning to a person of ordinary skill in the art (and 
are not to be limited to a special or customiZed meaning), and 
furthermore refer Without limitation to a mathematical com 
putation that attenuates or normalizes components of a signal, 
such as reducing noise errors in a raW data stream. In some 

embodiments, smoothing refers to modi?cation of a data 
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stream to make it smoother and more continuous or to remove 
or diminish outlying data points, for example, by performing 
a moving average of the raW data stream. 
[0033] The term “time period,” as used herein, is a broad 
term and is used in its ordinary sense, including, but not 
limited to, an amount of time including a single point in time 
and a path (for example, range of time) that extends from a 
?rst point in time to a second point in time. 
[0034] The term “measured analyte values,” as used herein, 
is a broad term and is used in its ordinary sense, including, but 
not limited to, an analyte value or set of analyte values for a 
time period for Which analyte data has been measured by an 
analyte sensor. The term is broad enough to include data from 
the analyte sensor before or after data processing in the sensor 
and/or receiver (for example, data smoothing, calibration, or 
the like). 
[0035] The term “estimated analyte values,” as used herein, 
is a broad term and is used in its ordinary sense, including, but 
not limited to, an analyte value or set of analyte values, Which 
have been algorithmically extrapolated from measured ana 
lyte values. Typically, estimated analyte values are estimated 
for a time period during Which no data exists. HoWever, 
estimated analyte values can also be estimated during a time 
period for Which measured data exists, but is to be replaced by 
algorithmically extrapolated data due to a time lag in the 
measured data, for example. 
[0036] The term “alarm,” as used herein, is a broad term and 
is used in its ordinary sense, including, but not limited to, 
audible, visual, or tactile signals that are triggered in response 
to detection of clinical risk to a patient. In one embodiment, 
hyperglycemic and hypoglycemic alarms are triggered When 
present or future clinical danger is assessed based on continu 
ous analyte data. 
[0037] The terms “target analyte values” and “analyte value 
goal,” as used herein, are broad terms and are used in their 
ordinary sense, including, but not limited to, an analyte value 
or set of analyte values that are clinically acceptable. In one 
example, a target analyte value is visually or audibly pre 
sented to a patient in order to aid in guiding the patient in 
understanding hoW they should avoid a clinically risky ana 
lyte concentration. 
[0038] The terms “therapy” and “therapy recommenda 
tions,” as used herein, are broad terms and are used in their 
ordinary sense, including, but not limited to, the treatment of 
disease or disorder by any method. In one exemplary embodi 
ment, a patient is prompted With therapy recommendations 
such as “inject insulin” or “consume carbohydrates” in order 
to avoid a clinically risky glucose concentration. 
[0039] The term “computer,” as used herein, is broad term 
and is used in its ordinary sense, including, but not limited to, 
machine that can be programmed to manipulate data. 
[0040] The term “modem,” as used herein, is a broad term 
and is used in its ordinary sense, including, but not limited to, 
an electronic device for converting betWeen serial data from a 
computer and an audio signal suitable for transmission over a 
telecommunications connection to another modem. 

[0041] The term “insulin pen,” as used herein, is a broad 
term and is used in its ordinary sense, including, but not 
limited to, an insulin injection device generally the siZe of a 
pen that includes a needle and holds a vial of insulin. It can be 
used instead of syringes for giving insulin injections. 
[0042] The term “insulin pump,” as used herein, is a broad 
term and is used in its ordinary sense, including, but not 
limited to, a device that delivers a continuous supply of insu 


























